Background: Cancer is one of the most frequently occurring diseases and is the second leading cause of death worldwide. In this study, anthraquinone derivatives (Compounds 1-5) were evaluated for their anti-cancer potential against various skin and breast cancer cell lines to assess whether these anthraquinone derivatives may serve as a lead for the augmentation of anti-cancer drug. Methods: Anthraquinone derivatives, 2-methyl-1,3,6-trihydroxy-9,10-anthraquinone
Background
Cancer is one of the most frequently occurring diseases and is the second leading cause of death worldwide, while chemotherapy is most extensively used among a wide range of anti-cancer therapies, and its high toxicity, being expensive as well as activating alternative cell signaling pathways are limiting its applications [1] . For centuries to date, being safe, low cost and easily accessible, medicinal herbs are viewed as the main sources of new drugs to treat cancer worldwide while various pharmacological studies continue to validate their uses [1] . Moreover, herbal medicines are widely assumed in complementary and alternative medicine especially in cancer patients with poor socioeconomic condition. Mounting evidences suggest that plants possessing anticancer properties, such as Soymida fembrifuga (Miliaceae), Tinospora cordifolia (Menispermaceae), Lavandula bipinnata (Lamiaceae), Helicteres isora (Sterculiaceae), Urtica membranacea (Urticaceae), Artemesia monosperma (Asteraceae), and Origanum dayi post (Labiatae) etc., are the source of alternative medicine for cancer therapy in various regions of the globe [2] [3] [4] . However, a large number of plant species remain to be screened for their therapeutic potential; consequently, they can be used as a continual source of new medicines for present and future health problems of humans, including cancer.
Rubia philippinensis is a rambling and low climbing perennial herb that grows in the Southern part of Vietnam. Local communities have long utilized this medicinal plant to treat ordinary ailments such as wounds, inflammation, and skin infections. Previous investigations of the species have resulted in the purification of arborinane triterpenoids, which show promising effects on the prevention and treatment of atherosclerosis [5] . Additionally, rubiarbonone C, a popular chemical entity isolated from R. philippinensis, has been shown to inhibit abnormal proliferation and migration of vascular smooth muscle cells, which plays an important role in the pathophysiology of atherosclerosis. The mechanism by which rubiarbonone C regulates vascular remodeling was further clarified through focal adhesion kinase (FAK), MAPK, and STAT3 Tyr705 [6] . In searching for bioactive components from R. philippinensis, in this study, derivatives of anthraquinone were isolated as the major compounds.
Anthraquinones possessing three benzene rings represent a class of compounds belonging to quinone family. The divergence of the anthraquinone molecules relies on the nature and the setting of the substituents. Anthraquinones display a number of biological functions, including laxative [7] , diuretic [8] , phytoestrogen [9] , anti-platelet [10] , anti-fungal [11] , anti-viral [12] , and anti-cancer properties [13] . Moreover, they have a significant industrial potential of being used as textile dyes, food colorants and bugs repellents.
As a part of continuous attempts to probe the potential nature-derived drug templates for the treatment of cancer [5, 14] , the current study delineates the isolation and characterization of five anthraquinone derivatives (compound 1-5) from R. philippinensis. These compounds were evaluated for their anti-cancer potential against various skin cancer cells (SK-MEL-5 and B16F10) and breast cancer cells (MCF7 and MDA-MB-231) to assess whether these anthraquinone derivatives may serve as a lead for the development of anti-cancer drugs. 
Methods

Plant materials
Cell culture and cell viability assay
The potential cytotoxicity of the isolated anthraquinone derivatives was studied against various cancer cell lines, including SK-MEL-5 (human melanoma), B16F10 (murine melanoma) MCF7 (human breast adenocarcinoma), and MDA-MB-231 (human breast adenocarcinoma) and the normal cell line MDCK (normal kidney epithelial) using the MTT assay [15] . All cell lines were cultured in DMEM medium supplemented with 10% foetal bovine serum (FBS) and streptomycin-penicillin (100 μg/ml each; Hyclone) in a 5% CO 2 
Statistical analysis
All the results were presented as the mean ± SD following the analysis of one-way ANOVA. A value of p < 0.05 was recognized as significant for the differences. An SPSS version of Windows' (Chicago, Illinois, USA) was performed for all the analyses.
Results
Identification and characterization of anthraquinone derivatives (Fig. 1 ) In addition, compound 4 and 5 were more cytotoxic to MDA-MB-231 cancer cell line (IC 50 = 14.65 ± 1.45 and 13.03 ± 0.33 μM, respectively) than to normal cells (IC 50 = 67.89 ± 1.02 and 79.01 ± 0.03 μM (Table 1) , respectively with their respective selectivity indices of 4.63 and 6.06 (Table 2) . Table 2 shows the selectivity indices of the isolated compounds tested against the various cancer cell lines and the non-tumor cell line (MDCK). In the current study, treatments with compound 4 and 5 afforded the highest selectivity indices in breast cancer cell than skin cancer cells. Compound 4 showed the selectivity indices as 4.31 and 4.63 whereas compound 5 showed 3.28 and 6.06 in MCF7 and MDA-MB-231 cells, respectively ( Table 2 ).
Discussion
A number of natural compounds have been isolated from different plant sources which have shown enormous biological potential [16] [17] [18] [19] . In this study, five anthraquinone derivatives, such as 2-methyl-1,3,6-trihydroxy-9,10-anthraquinone 3-O-(6'-O-acetyl)-α-rhamnosyl(1 → 2)-β-glucoside (compound 1), 2-methyl-1,3,6-trihydroxy-9,10-anthraquinone (compound 2), alizarin (compound 3), xanthopurpurin (compound 4), and lucidin-ω-methyl ether (compound 5) were isolated from the root of R. philippinensis., and were characterized based on the spectral data analysis [16] [17] [18] [19] .
These anthraquinone derivatives showed significant anticancer potential as confirmed by their cytotoxicity effects against various cancer cell lines, such as cell lines SK-MEL-5, B16F10, MCF7, MDA-MB-231, including normal MDCK cell line. However, according to American National Center Institute, extract/compounds with IC 50 values lower than 30 μM against experimental cancer cell lines constitute promising anticancer agents for drug development [20] . Therefore, compound 4 and 5 showed IC 50 values greater than 30 μM against all cell lines tested, and were more cytotoxic to normal line to which the cancer cell lines. Moreover, among the testest compounds, anthraquinone derivatives xanthopurpurin (compound 4), and lucidin-ω-methyl ether (compound 5) showed highest selectivity indices in breast cancer cell than skin cancer cells.
Mounting evidences have considered that a value greater than or equals to 2.0 is an interesting selectivity index [21] . This value means that the compound is more than twice more cytotoxic to the cancer cell line as compared with the normal cell line [21] . These findings demonstrated that compound 4 and 5 can be considered promising lead molecules for the development of anticancer drugs, especially for breast cancer, because they provided indices value greater than 2.
Conclusions
It is very important to consider natural compounds as a chemotherapeutic agent for cancer which have minimum or no side effects on normal body cells of patients. To achieve this goal among various ways, one of the way is by employing lower doses of drug at which drug shows highly potent activity as well as exhibits high degree of selectivity. In this study, we presented the cytotoxicity potential of five anthraquinone derivatives isolated from the roots of Rubia philippinensis. The results of in vitro studies demonstrate the ability of the compounds 4 (xanthopurpurin) and 5 (lucidin-ω-methyl ether) for high selective toxicity at lower concentrations (Table 1) 
